Abstract: This paper describes a feedthrough reduction technique for a track-and-hold (T/H) circuit with a body-bias control circuit. We propose a T/H circuit with a feedthrough canceller. This circuit cancels a leaking signal to the output node through the parasitic capacitance by using an opposite-phase signal. The simulation results using 90-nm CMOS technology demonstrate a feedthrough of −89.4 dB and SFDR of 66 dB at a sampling frequency of 5 GHz.
circuit is suitable for high-speed operations [1, 2, 3, 4] ; however, it has a disadvantage that it induces a relatively large distortion. We already proposed a T/H circuit with a body-bias control circuit to reduce distortion [5] . This control circuit maintains a constant body bias for a switching MOS transistor in tracking mode. This reduces the variation in the threshold voltage due to the body-bias effect, thereby resulting in low distortion. This circuit, however, has a disadvantage of a somewhat large feedthrough because the body of the switching MOS transistor becomes high impedance in the hold mode. First, this paper discusses the feedthrough generation mechanism in the T/H circuit with a body-bias control circuit. Next, a feedthrough reduction technique is proposed and simulation results of the proposed circuit are discussed.
Feedthrough generation in T/H circuit with body-bias control circuit
A schematic of our previously proposed T/H circuit with a body-bias control circuit is shown in Fig. 1 to GND, causing these transistors to switch off. Feedthrough is generated in the proposed circuit because the body node of M S becomes high impedance in the hold mode. The input signal leaks to the output node through the parasitic capacitance of C BS and C BD . The feedthrough is defined as the ratio of the leak signal to the input signal, which is expressed as
As can be seen from (1), the feedthrough can be reduced by increasing C B .
However, large C B causes signal bandwidth degradation. The reason is discussed in the following. The equivalent circuit of Fig. 1 (a) to calculate the signal bandwidth is shown in Fig. 1 (b) . r S is input signal source impedance, r on and r onB are the on resistance of M S and M B , respectively. The signal bandwidth is expressed as
where it is assumed that r on C H = r onB C B . The signal bandwidth decreases when C B increases to suppress the feedthrough. Thus, there is a trade-off relationship between the signal bandwidth and the feedthrough. We investigate this trade-off in detail. Signal bandwidth and feedthrough dependences on C B in a 90-nm CMOS process are shown in Fig. 2 . The calculation is performed assuming C H = 1 pF. r on and C B should decrease to obtain a wide bandwidth according to (2) . The gate width of M S (W (M S )) should increase to decrease r on ; however, large W (M S ) causes large C BS and C BD , resulting in an increase in feedthrough. As mentioned above, small C B causes large feedthrough. For example, C B should be designed to be less than 0.75 pF to obtain the bandwidth of 3 GHz when W (M S ) = 50 μm. However, the feedthrough cannot be suppressed to less than −58 dB as long as the above condition is maintained. Thus, attaining both wide bandwidth and small feedthrough is difficult in the conventional T/H circuit with a body-bias control circuit.
Fig. 2.
Signal bandwidth and feedthrough dependences on CB.
T/H circuit with feedthrough canceller
To overcome the above problem, a feedthrough canceller has been proposed that cancels an input signal that leaks through the parasitic capacitance by using an opposite-phase input signal. A schematic of a T/H circuit with the feedthrough canceller is shown in Fig. 3 (a) . Differential input signals V inp and V inn are used in this circuit. The feedthrough canceller M S ' is added to the T/H circuit shown in Fig. 1 (a) . The feedthrough canceller M S ' has exactly the same size as the switching MOS transistor M S . Its body is connected to the body of M S and differential input signal V inn is connected to its source. The input signal leaking through the C BS of M S is cancelled by the opposite input signal leaking through the C BS ' of M S '. The feedthrough in this circuit is expressed as
C BS ' is not exactly equal to C BS due to the difference in the source voltages of M S and M S '; however, the feedthrough can be suppressed effectively because C BS − C BS ' is negligibly small. A benchmark simulation using 90-nm CMOS technology was performed to demonstrate the effectiveness of the proposed circuit. Two circuits, a conventional T/H circuit with a body-bias control circuit ( Fig. 1 (a) ) and a T/H circuit with a feedthrough canceller (Fig. 3 (a) ), are designed. The signal bandwidth and the hold capacitance are set to 3 GHz and 1 pF, respectively. The SFDR and feedthrough dependence on input signal frequency at a sampling frequency of 5 GHz are shown in Fig. 3 (b) . The SFDRs for those two circuits are almost the same, and the SFDRs at a Nyquist frequency of 2.5 GHz are about 66 dB. On the other hand, their feedthroughs are quite different. The feedthroughs for conventional and proposed circuits at the Nyquist frequency are −58.7 and −89.4 dB, respectively. The simulation results suggest that an improvement of 30 dB in the feedthrough can be obtained by the proposed circuit without any degradation in SFDR performance.
Conclusion
A feedthrough generation mechanism and its reduction technique in a highspeed CMOS T/H circuit are discussed. It is clarified that a parasitic capacitance between the source and body of a switching MOS transistor causes feedthrough in our previously proposed T/H circuit with a body-bias control circuit. We propose a T/H circuit with a feedthrough canceller to reduce feedthrough. This circuit cancels the leaking signal through the parasitic capacitance by using an opposite-phase signal. The simulation results using 90-nm CMOS technology suggest a feedthrough of −89.4 dB and SFDR of 66 dB at a sampling frequency of 5 GHz.
